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Abstract
Recent results on various cross sections of e+e− → hadrons obtained with the SND and CMD3 detectors at the
VEPP-2000 collider in the energy range up to 2 GeV are presented. The ﬁnal states studied include e+e− → π+π−,
K+K−, π+π−π0, π+π−π0π0, ηπ+π−, ωη, ηγ and others. The measured cross sections are important since they contribute
to the total hadronic cross section, muon g-2 and parameters of excited vector mesons. The nucleon-antinucleon
production at threshold was also studied.
1. Introduction
In 2010-2013 experiments with the SND[1] and
CMD-3[2] detectors were carried out at the VEPP-
2000 collider [3] in the center-of-mass (c.m.) energy
range from 320 MeV to 2 GeV. Each detector collected
about 65 pb−1 of integrated luminosity including 40
pb−1 above the φ-meson mass, 8 and 7.5 pb−1 at the
ω and φ resonances, respectively, and 9.5 pb−1 in the
non-resonant region below the φ.
SND (Fig.1) is the general-purpose nonmagnetic de-
tector, which consists of a nine-layer drift chamber,
aerogel Cherenkov counters, three-layer spherical elec-
tromagnetic calorimeter with 1680 NaI(Tl) crystals and
a muon system.
CMD-3 (Fig.2) is the general-purpose cryogenic
magnetic detector. It consists of a tracking system,
barrel and endcap electromagnetic calorimeters based
on CsI and BGO crystals, respectively, state-of-the-art
liquid Xe calorimeter and a muon-range system. The
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Figure 1: The SND detector: 1 - beam pipe, 2 - tracking system, 3 -
aerogel Cherenkov counters, 4 - NaI(Tl) crystals, 5 - phototriodes, 6 -
iron muon absorber, 7-9 - muon detector, 10 - focusing superconduct-
ing solenoids.
tracking system consists of a drift chamber and two lay-
ers of a proportional Z-chamber inside a thin supercon-
ductive solenoid with 1.5 T magnetic ﬁeld.
Figure 2: CMD-3 detector layout: 1 - vacuum chamber, 2 - drift cham-
ber (DC), 3 - BGO endcap calorimeter (BGO), 4 - Z-chamber (ZC),
5 - superconducting solenoid, 6 - liquid Xe calorimeter(LXe), 7 - CsI
barrel calorimeter (CsI), 8 - iron yoke, 9 - liquid He supply, 10 - vac-
uum pumpdown, 11 - VEPP-2000 superconducting magnetic lenses.
2. Multihadron processes
Process e+e− → ηγ.
This process was studied in the 7γ ﬁnal state. This is
the ﬁrst measurement of the cross section in the c.m. en-
ergy range above 1.4 GeV. The obtained cross section is
shown in Fig.3. The approximation was performed tak-
ing into account the ρ(770), ω(782),φ(1020), ρ(1450)
and φ(1680) contributions.
Process e+e− → π+π−.
Figure 3: Cross section of the process e+e− → ηγ obtained at SND.
The solid line is the result of the approximation by a sum of the ρ(770),
ω(782),φ(1020), ρ(1450) and φ(1680) contributions. The dashed line
- calculated cross section with the ρ(770), ω(782),φ(1020) contribu-
tions only, dash-dotted line - the ρ(1450) contribution, dotted line -
that of the φ(1680).
The dominant contribution to R(s) in the c.m. energy
range
√
(s) < 1 GeV comes from the e+e− → π+π−
mode. A preliminary result on the form factor obtained
at CMD-3 is shown in Fig.4. The geometry of this pro-
cess allows to perform clean selection of e+e− → e+e−,
e+e− → μ+μ−, e+e− → π+π− collinear events practi-
cally without physical background. These ﬁnal states
can be separated using either information about energy
deposition in the calorimeter or that about particle mo-
menta in the drift chamber at Ebeam ≤360 MeV. The two
methods overlap in the energy range 160÷ 360 MeV al-
lowing their cross-check. The layered structure of the
LXe calorimeter allows to perform MVA analysis of the
longitudinal shower proﬁle, which should help to keep a
systematic error of event separation at the level of 0.2%.
The goal of the CMD-3 experiment is to reduce the total
systematic uncertainty in this channel to 0.35%.
Process e+e− → K+K−.
This process was studied with SND in the energy
range from 1.05 to 2.0 GeV. Kaons were selected using
information from aerogel Cherenkov counters. The ob-
tained cross section in comparison with BABAR data[5]
is shown in Fig.5. Both cross sections are in good agree-
ment and have the same level of statistical accuracy. The
complicated shape of the cross section is related to the
interference of all excited vector resonances in this re-
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Figure 4: Form factor of the e+e− → π+π− process obtained at CMD-
3. Open crosses, red - e/μ/π separation using the calorimeter data,
ﬁlled curcles, blue – using the tracker data. The inset shows the ratio
of the measured e+e− → μ+μ− cross section to the QED expectation
for the analysis based on the tracker data.
gion, which includes both isovector and isoscalar states.
Figure 5: Cross section of the process e+e− → K+K− obtained at
SND in comparison with BABAR data
Process e+e− → K+K−π+π−.
The preliminary CMD-3 results on the
e+e− → K+K−π+π− cross section in comparison
with BABAR [6] are shown in Fig.6. This channel
has rich dynamics with many intermediate states like:
K∗(1270)K → K∗(892)Kπ, K∗(1400)K → K∗(892)Kπ,
K∗(1270)K → ρKK, K∗(892)K∗(892), φππ. Figure7
shows dominance of the K∗(892) intermediate state
in the Kπ invariant mass and presence of the ρ and
φ resonances in the π+π− and K+K− combinations,
respectively.
Process e+e− → π+π−π+π−.
This process has one of the largest cross sections in
the energy region from 1 to 2 GeV. The cross section
measured by CMD3 is shown in Fig.8 and is in good
Figure 6: Cross section of the process e+e− → K+K−π+π− obtained
by CMD-3 in comparison with BABAR data
Figure 7: Invariant mass spectra for the Kπ, ππ and KK systems
agreement with BABAR[7]. The statistical error is at
the level of 1-2% per point.
Figure 8: Cross section of the process e+e− → π+π−π+π− obtained at
CMD-3 in comparison with BABAR data
Process e+e− → 3(π+π−).
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The cross section measured by CMD3 (Fig.9 is in
good agreement with BABAR[8]. The ratio of the ﬁve
and six track events was used to estimate the model-
dependent uncertainty in the acceptance calculation.
From this study it was concluded that the observed pro-
duction mechanism can be described by the production
of one ρ(770) resonance with four remaining pions in
the S-wave distributed according to phase space. It was
also observed that the production dynamics changes in
the 1850-1900 MeV c.m. energy range and demands a
further study.
Figure 9: Cross section of the process e+e− → 3(π+π−) obtained at
CMD-3 in comparison with BABAR data
Process e+e− → 2(π+π−π0).
The preliminary result on the cross section of e+e− →
2(π+π−π0) measured at CMD-3 is shown in Fig.10. It is
in reasonable agreement with BABAR data[8]. A dip
in both e+e− → 3(π+π−) and e+e− → 2(π+π−π0) cross
sections is seen near the pp¯ threshold.
Figure 10: Cross section of the process e+e− → 2(π+π−π0) obtained
at CMD-3 in comparison with BABAR data
Process e+e− → π+π−π0.
The measured e+e− → π+π−π0 cross section in com-
parison with the previous SND[9] and BABAR[10] data
is shown in Fig.11. This is the most accurate result.
The approximation was performed taking into account
the contributions from the ω(782), φ(1020), ω′(1420)
and ω′′(1650) resonances. To describe the cross section
above 1.8 GeV, the non-resonant contribution or addi-
tional excited resonance should be taken into account.
Figure 11: Cross section of the process e+e− → π+π−π0 obtained at
SND in comparison with the previous SND and BABAR data
Process e+e− → π+π−η.
This process was studied at SND in the η → 2γ de-
cay mode. The measured cross section in comparison
with previous results is shown in Fig.12. The ﬁt of the
cross section was done by a sum of the ρ(770), ρ(1450)
and ρ(1700) contributions. Using SND data and CVC
hypothesis the probability of τ → ηπ−π0ντ decay was
calculated to be B(τ → ηπ−π0ντ) = (0.180 ± 0.048)%.
This value is in reasonable agreement with the PDG[4]
data: B(τ→ ηπ−π0ντ) = (0.139 ± 0.010)%.
Figure 12: Cross section of the process e+e− → π+π−η obtained at
SND in comparison with the previous SND[11] and BABAR data[12]
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Process e+e− → π+π−π0η.
The preliminary result on the cross section of the pro-
cess e+e− → π+π−π0η at SND is shown in Fig.13. This
is the ﬁrst measurement of the cross section of this pro-
cess in the wide energy range. The cross section can be
described by a sum of contributions from the ω(1650)
and φ(1680) resonances. This process has several inter-
mediate states. Two of them (ωη and φη) can be seen
at the η-meson recoil spectrum (Fig.14). They were
also studied at BABAR detector[8, 13] using other ﬁnal
states. Contributions of some other intermediate states
are under study.
Figure 13: Cross section of the e+e− → π+π−π0η process obtained at
SND
Figure 14: Recoil mass spectrum of η meson
Process e+e− → pp¯.
The cross section of e+e− → pp¯ was measured at the
SND and CMD-3 detectors in the near-threshold region
(Fig.15,16). The analysis was done on the base of a 10
pb−1 data set. There is no contradiction with previous
data.
Figure 15: Cross section of the process e+e− → pp¯ obtained at SND
in comparison with BABAR[14]
Figure 16: Cross section of the process e+e− → pp¯ obtained at CMD-
3 in comparison with BABAR[14]
Process e+e− → nn¯.
The cross section of e+e− → nn¯ was measured in
the near-threshold region (Fig.17). The result is in good
agreement with previous data obtained in the FENICE
experiment[15].
The cross sections of the processes e+e− → pp¯ and
e+e− → nn¯ can be descibed in terms of the eﬀective
form factor. Energy dependence of the eﬀective form
factor for neutrons obtained from the SND e+e− → nn¯
cross section in comparison with FENICE data for neu-
trons and BABAR result for protons is shown at Fig.18
3. Conclusions
Since 2010 the VEPP-2000 e+e−-collider accumu-
lated about 65 pb−1 of data with each of the SND and
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Figure 17: Cross section of the process e+e− → nn¯ obtained at SND
CMD-3 detectors in the range E=0.3÷2 GeV. Data anal-
ysis of meson and nucleon production is in progress.
The obtained results have the same or better statistical
precision than previous experiments. After VEPP-2000
upgrade, data taking will resume in 2015 with the goal
of collecting 1 fb−1 of integrated luminosity.
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